Aims To examine the transitions in smoking status among non-daily smokers who transitioned to daily or former smokers or remained as non-daily smokers during a 12-month period. We analyzed factors associated with these transitions, including the use of cigars and smokeless tobacco (SLT). Design Secondary data analyses using pooled data from Setting United States. Participants Self-respondents aged 18+ who have smoked for more than 5 years and were non-daily smokers 12 months before the interview (n = 13 673, or 14.5% of current smokers).
INTRODUCTION
Non-daily smoking is common in many countries. In Mexico, Ecuador and Guatemala, at least two-thirds of smokers are non-daily smokers [1] , while in China, 20% of male smokers and 46% of female smokers are non-daily smokers [1] . In the United States, 3.9% of adults were non-daily smokers in 2014 [2] . Non-daily smoking is becoming more common among current cigarette smokers in the United States, increasing from 19.2 to 23.2% between 2005 and 2014 [2] . Studies have found that, compared with daily smokers, non-daily smokers are likely to be younger, ethnic minorities, more educated, have a higher income and have stronger intentions to quit smoking [3] [4] [5] [6] [7] [8] [9] . Studies have also reported that non-daily smokers are more likely to use other tobacco products (OTP) concurrently than daily smokers [9] [10] [11] [12] [13] . For example, among US men aged 25 years or older, 4.3% of non-daily smokers also used snuff, compared to 2.3% of daily smokers [10] . To understand the relationship between OTP use and non-daily smoking, it is useful to examine the association of OTP use with transitions of non-daily smokers to daily or former smokers.
Non-daily smoking may be a transitional stage for smokers who are either becoming daily smokers or in the process of quitting, or it may be a stable long-term behavior [14] [15] [16] [17] . Several longitudinal studies investigated the patterns and socio-demographic predictors of the transitions of non-daily smokers over time by examining changes in smoking and quitting behaviors between baseline and follow-up. However, most of these studies focused on college students or adolescents [16, 18, 19] , women [20] , working populations in a particular state [7] or populations in other countries, including Sweden, Norway and Mexico [17, 21, 22] . None of these studies focused on the entire population of US adults or examined the role of cigar and smokeless tobacco (SLT) use in the transitions of nondaily smokers.
The aims of this study are to (1) examine the transitions in smoking status among US adult non-daily cigarette smokers who become daily smokers, remain as non-daily smokers or quit smoking 12 months later; (2) assess socio-demographic correlates of these transitions; and (3) analyze the associations of cigar use and SLT use with these transitions. We focus on smokers who have established a pattern of smoking, rather than those who may be in the early experimental stages.
METHODS

Study design
Secondary data from a large national US survey were analyzed. Descriptive statistics were used to describe the characteristics of the three transition groups and a multivariate logistic regression model was estimated to analyze the factors associated with these transitions, including both sociodemographic characteristics and cigar and SLT use.
Data source
We analyzed pooled data from the latest three waves of the Tobacco Use Supplement to the Current Population Survey . This survey is administered by the National Cancer Institute, the Centers for Disease Control and Prevention and the US Census Bureau. The TUS-CPS is a nationally representative survey employing a complex clustered sampling design. Approximately 60 000 US households are selected using a multi-stage stratified area probability sampling design. In the first stage, primary sampling units (PSUs) in the United States are selected from strata with different probabilities, and in the second stage housing units within these PSUs are selected. A detailed explanation of the TUS-CPS sampling design is provided in the TUS-CPS technical documentation [23, 25] . The survey includes questions about individuals' cigarette smoking behavior and OTP use at the time of the interview. It also asks cigarette smokers about their smoking behaviors 12 months prior to the interview. This information allows us to examine retrospectively the change in cigarette smoking behaviors during a 12-month period for each smoker. The interview was conducted either in person or by telephone, and answered by either respondents themselves or a proxy. Self-respondents were eligible to complete the entire supplement. However, proxy respondents were only eligible to answer a few questions related to current smoking status and current use of OTP, but were not eligible to answer the majority of survey questions such as smoking history 12 months before the interview [23] [24] [25] [26] . As this study aimed to examine the transitions in smoking status from 12 months before the interview to the interview date, proxy responses could not be included in the analyses. We included self-respondents aged 18+ (n = 527 198) in this study. The response rates for self-respondents in the 2003, 2006/07 and 2010/11 TUS were 63.6, 62.0 and 62.3%, respectively [23] [24] [25] .
Measures
'Baseline' in this study refers to 12 months prior to the interview. 'Follow-up' refers to the interview date, i.e. 12 months after baseline. According to answers to the TUS-CPS questions: 'Have you smoked at least 100 cigarettes in your entire life?' and 'Do you now smoke cigarettes every day, some days, or not at all?', daily, non-daily and former smokers were defined as follows: daily smokers were respondents who had smoked at least 100 cigarettes in their life-time and reported now smoking cigarettes every day. Non-daily smokers were respondents who had smoked at least 100 cigarettes in their life-time and reported now smoking cigarettes some days. Former smokers were respondents who had smoked at least 100 cigarettes in their life-time and indicated now smoking 'not at all'. Daily or non-daily smokers and former smokers who quit cigarettes smoking less than 12 months ago were asked: ' Around this time 12 months ago, were you smoking cigarettes every day, some days, or not at all?'. Non-daily smokers at baseline were respondents who answered 'some days' to this question. Because this study focused on examining the smoking transition status of established non-daily smokers as opposed to those who may have only experimented with smoking, we further excluded those non-daily smokers who had not smoked for at least 5 years at baseline, a criterion used in previous studies [14, 27] .
Outcome variable
The outcome variable is a categorical variable which consists of three smoking transition categories: non-daily to daily smoking, stable non-daily smoking and non-daily to former smoking. These categories were defined according to the changes in smoking status between baseline and follow-up.
• Non-daily to daily smokers are non-daily smokers at baseline who transitioned to daily smokers 12 months later (at the time of the interview).
• Stable non-daily smokers are non-daily smokers at baseline who remained as non-daily smokers 12 months later.
• Non-daily to former smokers are non-daily smokers at baseline who quit smoking and thus transitioned to former smokers 12 months later.
Covariates
Covariates in our regression analysis include survey year, socio-demographic characteristics and OTP use. The socio-demographic characteristics included were selected based on a review of the literature on non-daily smoking [7, 14] . We conducted a variance inflation factor (VIF) analysis to analyze the impact of covariates on multicollinearity [28] and found that all VIF factors were acceptably low, indicating that multi-collinearity was not a problem. All covariates reflect status at the time of the interview. Socio-demographic variables included age (18-24, 25-44, 45-64 and 65+), gender (male and female), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, non-Hispanic Asian and non-Hispanic other), education, annual family income, marital status (married, widowed/divorced/separated and never married) and census region of residence (Northeast, Midwest, South and West). Education was categorized as less than high school, high school graduate (including General Education Development), some college (including an associate degree) and college graduate (including those with a postgraduate degree). Annual family income was categorized as less than $25 000, 25 000-49 999, 50 000-74 999, ≥ 75 000 and unknown. Because we were concerned that income might not be missing at random, those who did not report their income (5.5% of non-daily smokers at baseline) were not excluded from our analysis, but classified as 'unknown'. Two types of OTP were included to this study: cigars and smokeless tobacco (SLT), which is comprised of snuff and chewing tobacco. The use of snuff and chewing tobacco was collected separately in the 2003 and 2006/07 TUS-CPS, but the 2010/11 TUS-CPS questionnaire combined snuff and chewing tobacco into one category. To be consistent, we aggregated these two products into the category of SLT for 2003 and 2006/07. For each type of OTP, respondents were categorized as current users or noncurrent users. Current users were those who reported that they have ever used the product even once, and used it every day or some days at the time of the interview. Noncurrent users were those who reported that they never used the product or those who have used the product once but did not use it at all at the time of the interview.
Statistical analysis
We estimated the prevalence of baseline non-daily smokers in the three smoking transitions categories among all adults and for subgroups stratified by each covariate. We tested the independence between each covariate and smoking transition group using bivariate analysis χ 2 statistics. A multivariate multinomial logistic regression model, which controlled for all covariates, was estimated to assess the associations of socio-demographic characteristics and OTP use with non-daily to daily smoking or non-daily to former smoking versus stable non-daily smoking among baseline non-daily smokers. We conducted several sensitivity analyses. The first was designed to understand whether the association between cigar/SLT use and smoking transitions varied across different socio-demographic subgroups. This was accomplished by adding interaction terms into the multinomial logistic regression model, including the interaction terms between age and cigar/SLT use and the interaction terms between gender and cigar/SLT use. We also conducted a sensitivity analysis to determine the impact of including non-daily smokers aged 18-25 years. This was conducted by excluding non-daily smokers at baseline aged 18-25 and comparing the results with those obtained when the young group was included to examine whether or not this choice affects the results substantially. In addition, we conducted a sensitivity analysis to address the question of whether smokers who had quit in the past 30 days were different from non-daily smokers who had smoked a few days in the past 30 days, because both were classified as non-daily smokers according to our definition. To address this question, we excluded former smokers who had quit in the last month, and compared the results to the findings when these recent quitters were included. Finally, we analyzed whether our results were sensitive to the inclusion of people who used both cigars and SLT by excluding dual users from the regression analyses.
All analyses were conducted using the final selfresponse weights that adjust for non-response and unequal probability of sample selection. Because the TUS-CPS employs a complex multi-stage clustered survey design, variance estimates and 95% confidence intervals (CIs) were computed using the published replicate weights with Fay's balanced repeated replication [26, 29] , which is one of the standard design-based approaches to estimate unbiased variances for complex survey data [30, 31] . All analyses were conducted using SAS version 9.4. We computed prevalence rates using PROC SURVEYFREQ. For each multivariate multinomial logistic regression model, we estimated the adjusted odds ratios (AOR) and 95% CIs with PROC SURVEYLOGISTIC. We considered statistical significance as a two-tailed P-value < 0.05.
Final study sample
The pooled TUS-CPS data comprised 527 198 selfrespondents. At baseline, there were 70 010 established daily smokers (i.e. with a 5-year history of smoking), 5815 non-established daily smokers, 13 673 established non-daily smokers and 2668 non-established non-daily smokers. The final sample size for descriptive analyses was 13 673 non-daily smokers (14.5% of current smokers). The final sample size was 13 441 for multivariate multinomial logistic regression analyses, after excluding respondents with missing values for cigar or SLT use (n = 232, or 1.7 % of the non-daily smokers at baseline).
RESULTS
Non-daily smokers at baseline represented 2.6% of adults. Among these non-daily smokers, more than half were aged 25-44 (51.8%), male (54.8%) and non-Hispanic white (61.5%). As shown in Table 1 , 16.8% had less than a high school education, 30.8% had an income less than $25 000, almost half (45.4%) were married, more than one-third (36.3%) lived in the South, 5.8% were current users of cigars and 3.3% were current users of SLT.
Prevalence of non-daily to daily, stable non-daily and non-daily to former smoking transitions among non-daily smokers at baseline Among 13 673 non-daily smokers at baseline, 69.7% remained non-daily smokers (stable non-daily smokers), 18.4% became daily smokers (non-daily to daily smokers) and 11.9% quit smoking (non-daily to former smokers) 12 months later (Table 1 ). These prevalence rates varied by survey year, all socio-demographic characteristics, cigar use and SLT use. The prevalence of non-daily to daily smoking was 16.2% for males and 21.2% for females, while the prevalence of stable non-daily smoking was 72.4% for males and 66.4% for females. The prevalence of stable non-daily smoking was 75.2% for current users of cigars and 69.3% for non-current users of cigars, whereas the prevalence of non-daily to former smoking was 7.3% for current users of cigars and 12.2% for noncurrent users of cigars.
Correlates of non-daily to daily, stable non-daily and non-daily to former smoking transitions
We specified stable non-daily smoking as the reference category of the smoking transition outcome variable in the multivariate multinomial logistic regression model for smoking transitions among non-daily smokers at baseline. Therefore, the AOR of non-daily to daily smoking transition and the AOR of non-daily to former smoking transition were both determined as relative to stable non-daily smoking status. However, for the simplicity of the description, we describe the AORs without repeating the reference category each time.
As shown in Table 2 , the adjusted odds of non-daily to daily smoking transition were significantly lower among those who were aged 65+ versus young adults aged 18-24 (AOR = 0.65), males versus females (AOR = 0.74), Hispanics versus non-Hispanic whites (AOR = 0.66), those with an income of $25 000-49 999 or ≥ $75 000 versus those with less than $25 000 and current users of SLT versus non-current users of SLT (AOR = 0.60). The adjusted odds were significantly higher among those without a college degree versus college graduates.
The adjusted odds of non-daily to former smoking transition were significantly lower among those who were aged 25+ than young adults aged 18-24, males versus female (AOR = 0.85), non-Hispanic Asians versus non-Hispanic whites (AOR = 0.64), those without a college degree versus college graduates, those who were widowed/divorced/separated or never married versus married and current users of cigars versus non-current users of cigars (AOR = 0.56).
Sensitivity analyses
We did not find any significant results for any of the interaction terms between age and cigar/SLT use and the interaction terms between gender and cigar/SLT use in terms of AOR, 95% confidence intervals and P-values. This indicates that the associations between cigar/SLT use and smoking transitions did not differ by age or gender.
After excluding 782 non-daily smokers at baseline aged 18-25, there were 12 891 non-daily smokers at baseline aged 26+. Compared with the results for non-daily smokers aged 18+ at baseline, the prevalence of the three transitions groups for non-daily smokers aged 26+ were very similar. The non-daily to daily smokers represented 18.4% of the group aged 18+ and 18.3% of those aged 26+. The stable non-daily smokers were 69.4 and 70.2% of the 18+ and 26+ aged groups, respectively, while the non-daily to former smokers were 11.9 and 11.5% of the two age groups. The multinomial logistic regression results for all covariates are also similar, with the results for nondaily smokers at baseline for aged 18+ (except for age n = Unweighted sample size. All the percentages are estimated from the weighted analysis; results in bold type are statistically significant at P < 0.05, indicating that the row variable and smoking transition status are not independent. 'Missing' category is excluded from the regression analysis.
due to the different age population and reference age group in the two models). Therefore, our results were not sensitive to the inclusion of non-daily smokers at baseline aged 18-25.
Our results were also not sensitive to the exclusion or inclusion of former smokers who quit cigarette smoking in the past 30 days (n = 150), or to the exclusion of dual cigar and SLT users (n = 72). 
DISCUSSION
This study investigated three groups of non-daily cigarette smokers and compared them according to their smoking behavior after 12 months: those who became daily smokers, those who quit smoking and those who remained as non-daily smokers. In addition to studying the role of socio-demographic characteristics in these transitions, we explored the association of cigar use and SLT use with these transitions.
Our finding that the majority of non-daily smokers remained as non-daily smokers 12 months later is consistent with other studies that have found that the majority of non-daily smokers remain as non-daily smokers after 1 or 2 years [14, 15, 17, 32] We found that those with less than a college education were less likely than college graduates to quit, rather than remain as non-daily smokers. These results are consistent with a previous study that examined the long-term smoking patterns of non-daily smokers among a Minnesota working population, and found that those who had attained higher education levels were more likely to have quit at follow-up [7] . We also found that compared with non-Hispanic whites, Hispanics were more likely to remain as non-daily smokers rather than transition to daily smoking. This is consistent with a study which reported that Hispanics were significantly more likely than non-Hispanic whites to be stable nondaily smokers [33] .
Our findings add to the literature by analyzing the association between cigar/SLT use and smoking transitions. The result that concurrent use of SLT and cigarettes is associated with stable non-daily cigarette smoking behavior, while concurrent use of cigars and cigarettes might make quitting cigarette smoking more difficult for non-daily smokers, is important for the development of tobacco control policy, particularly in light of the changing market for tobacco products and the many new products currently being introduced.
The results of this study have other implications for policy. Our findings that less educated non-daily smokers were less likely to quit smoking after 12 months and more likely to transition to daily smoking suggest that smoking cessation intervention programs should target less educated non-daily smokers to prevent them from becoming daily smokers and to motivate them to quit smoking. Our findings that non-daily smoking males (compared to females) and older adults aged 65+ (compared to young adults aged [18] [19] [20] [21] [22] [23] [24] were less likely to quit smoking after 12 months suggest that gender-specific and age-specific smoking interventions need to be designed to motivate more non-daily smokers, especially males and older adults, to quit smoking. Moreover, our finding that smoking transitions were associated with current use of cigars and SLT further points out the importance of implementing tobacco control programs that take into account the inter-relationships in the use of different tobacco products.
Our study is subject to several limitations. First, the TUS-CPS allows us to examine retrospectively the change in cigarette smoking behaviors over a 12-month period for each smoker, but all covariates were measured only at the interview. Therefore, this is not a longitudinal study and our results cannot be used to predict longer-term trends in smoking transition status. Although most sociodemographic characteristics are likely to remain unchanged during the 12-month period, some characteristics such as educational achievement, family income, marital status or region of residence might change for some respondents during the 12-month period. Secondly, the TUS-CPS does not ask the frequency of life-time use for each OTP, so we could not differentiate experimental versus established users of OTP. Thirdly, we did not differentiate former smokers who had just quit cigarette smoking in the past 30 days from non-daily smokers whohad smokedfor afewdaysin30days. However, we conducted a sensitivity analysis excluding former smokers who had quit within the past 30 days, and the results were similar to our reported results. Fourthly, the TUS-CPS does not ask about the use of emerging tobacco products such as e-cigarettes, or separate questions for cigars, cigarillos and large cigars or for dry snuff, moist snuff and snus. Therefore, we could not include or differentiate these products in the analyses. Fifthly, tobacco use and smoking status were self-reported, and may be subject to recall bias and social desirability bias. However, a previous study [34] found that self-reported tobacco smoking is a valid and reliable way to measure smoking habits in the population. Sixthly, a small proportion of respondents (1.7%) had missing values for cigar use or and SLT use and were excluded from the regression analysis, which could result in selection bias. However, because these excluded respondents accounted for only a small percentage of the study sample, the bias would be negligible. Seventhly, our study focused on smokers who had established a pattern of non-daily smoking. However, future research should look at the smoking transitions of non-established non-daily smokers, i.e. those who are just beginning to experiment with smoking. Finally, our results are based on survey data collected from the finite US population, and may not be generalizable to other countries with different tobacco control policies, tobacco products, tobacco industry structure and marketing strategies.
In conclusion, we found that transitions of non-daily smokers over 12 months are associated with sociodemographic characteristics and current use of cigars and SLT. Understanding the smoking behavior of this group of smokers can help to inform the development of tobacco control programs that help non-daily smokers to quit or prevent them from becoming daily smokers in order to reduce the negative impacts of smoking.
